From: Cope, Ben

To: Labiosa, Rochelle

Subject: RE: Salish sea model 1-2 slides on model and status?
Date: Monday, November 05, 2018 8:31:01 AM
Attachments: Cope Nutrient Workshop May 2018.pptx

Khangaonkar Salish Sea Model - Short Overview.pdf

Rochelle, here was a summary talk | gave about the model recently, plus a recent Tarang slide deck.
Feel free to ask for PPT slides instead of PDF for specific slides of Tarang’s file and I'll ask him for
them. -BC

From: Labiosa, Rochelle

Sent: Friday, November 02, 2018 4:09 PM

To: Cope, Ben <Cope.Ben@epa.gov>

Subject: Salish sea model 1-2 slides on model and status?

Hi Ben,

| have to give a broad-ranging nutrients talk to HQ in a couple of weeks, and | am hoping to highlight
the Salish Sea model work in my request. Can you send me a couple of slides on the modeling (it is
totally fine if you pull from what you already have) - | just don’t want to miss it in what | cover.

Thanks so much, Rochelle

Rochelle Labiosa, Ph.D.

Office of Water and Watersheds

US EPA, Region 10

1200 Sixth Avenue, Suite 155, MC: OWW-191
Seattle, WA 98101-3140

Ph: 206.553.1172
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Regulatory Models
 and
 Salish Sea Model Status
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Topics

Models in the regulatory process

Salish Sea Model

Agency partnership

Building and testing

Model review and acceptance process









Models are Used in Decisions

Why?

  

We need a scientific basis for decisions and investments



We need to link discharges/releases to resulting water quality changes



We need to focus on the most important pollution sources



We need to estimate the outcome of different alternatives



We need to anticipate future changes (e.g., pop growth)















Characteristics of a good regulatory model

Model framework includes the important processes and capabilities

Processes/equations of the model framework are well documented 

Incorporates all available input data that might affect predictions

Thorough documentation of model development

Transparency about limitations and uncertainty

Peer review

Public review









Salish Sea Model…Typical or Atypical?

Answer: Both



Typical

Model linking nutrients and DO/pH

Model building process

Model used in Clean Water Act-based decisions



Atypical

Large scale and complexity of Salish Sea (akin to Chesapeake Bay model)

More project team experience and skill

More time and funding

Limitations in resolving small scale impacts























Salish Sea Model



Tarang Khangaonkar, Wenwei Xu, Adi Nugraha, Laki Premathilake

Pacific Northwest National Laboratory (PNNL)

Greg Pelletier, Teizeen Mohamedali, Anise Ahmed, Cristiana Figueroa-Kaminsky, Sheelagh McCarthy, and John Gala

Washington State Department of Ecology 
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Scientific Tool 



   FVCOM + CEQUAL-ICM

    (Hydro)      (WQ)



   

Source:  PNNL







Matching patterns is a test of:



Freshwater input volume

Vertical mixing 

Interbasin mixing



Source:  PNNL







Source:  PNNL











Algae

Nitrate/Nitrite

Dissolved Oxygen

Saratoga Passage, Year 2006, Surface Layer

Patterns are test of: 

Nutrient supply

Nutrient/Biomass/DO linkage

Seasonal variation

Source:  PNNL





Is it good enough to use in decisions?

No fixed numeric guidelines for “acceptable uncertainty”

Judgment call…by the water quality agency
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Time

Uncertainty

Before 1st 

review



After 1st review

After 2nd review

Diminishing

Returns





Getting to Acceptance













12





12





Salish Sea Model

Documentation and Peer Review

17 Project Plans (QAPP), Reports, and Journal Papers



…and counting



Model aspects include:



Boundary data approaches

Circulation

Sediment diagenesis

Carbon and pH

Primary Focus: Nutrients and    Dissolved Oxygen









Scenarios 

What ifs

Multiple model runs with adjusted inputs

Pre-specified 

Isolating sources and testing changes to source loadings

Tend to get more elaborate over time





Models and Policy are refined together

Build the best model you can

Ask scientists and stakeholders for ideas/info to improve it

Start using model results/insights

Model and Policy are refined until final decision







Policy Refinement

Model Refinement

Decision





Questions?







image1.jpeg







image2.emf



image3.jpeg







image11.png







image12.wmf



image13.emf

EPA

United States
Environmental Protection
Agency















image14.emf



image4.png







image5.png







image6.png







image7.png







image8.png







image9.png







image10.png







image15.emf



image16.emf



image17.emf



image18.emf

May 24, 2018


9


Surface Currents
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The Salish Sea Model:

(a brief overview)
Hydrodynamics, Biogeochemistry, & Carbonate Chemistry

Tarang Khangaonkar, Wen Long, Laura Bianucci, Wenwei Xu, Adi Nugraha
Pacific Northwest National Laboratory (PNNL)

Anise Ahmed, Greg Pelletier, Teizeen Mohamedali, Cristiana Figueroa-
Kaminsky
Washington State Department of Ecology

Ben Cope
U.S. EPA

N

Pacific Northwest
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Salish Sea Model

» Code - FVCOM
(Chen et al. 2003)

» Expanded Salish Sea Model

® The NW Straits
® Vancouver Island
® Continental shelf

B 18 Major Rivers and 145 fresh

water & WWTP point sources

B Additional Rivers (Pacific Ocean)
® Columbia / Willamette Rivers
® Chehalis River
® Willapa River

B Tidal Constituents
® ENPAC 2003 Tidal Constituents

database (USACE 2004)

B Meteorology
® UW /WRF Model (12 Km Grid)
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Model Calibration — Tides, S, & T

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baftelle Since 1965
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Calibration: Velocity 7

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965
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Circulation in the Salish Sea
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Circulation in the Salish Sea
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Simulation of intertidal circulation o
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Salish Sea Model ‘?/

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

» Code - FVCOM-ICM Air-sea
(Kim and Khangaonkar 2011) S \f Benthic flux
B FVCOM (Chen et al. 2003) Denitrification "} (DIC, NO,, NH,, PO,) | Mineralization
B CE-QUAL-ICM (Cerco & Cole |Photosynthesis
1 995) Two Algae Groups
» Biogeochemical cycle S e

B Two species of algae

B Nutrients, phytoplankton,
carbon, DO, .... 19 variables

» Benthic fluxes

B Sediment diagenesis (Di Toro
2001)

» Boundary loads based on
DFO monitoring data

» Point source loads ...

January 10, 2017 10





Open Boundary Condition 7

Pacific Northwest
NATIONAL LABORATORY

Fisheries and Oceans Canada(DFO) Data
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- by month of 2014 month of 2014 7 stations for generating open boundary conditions
— i e 2 8
~ . e 4 ° 9 month=6
J f ’ y . 5 e 10 R P R o s e 5 1.8e+02
F o i : : : : : : : : :
A~ % o v
. 2 N 7/ N et { :
e 17 . ; SR i J -y ESSSSSSUIS SRR (SR
s w7 e S
z [ WY s 1 1.5¢+02
& T4 A% ; : o
s & SARNL R s Z . 51
S N, : B 4
— S ..;.. 7
“jl/ LY O :
l.' ° L 44 “ 4 ‘0.: / 50 [UTTURRRRR TP L _1.2e+02
v Y% o °
Lo 1 e £ ‘.:. Vancouver
_.’ ,’ - ; _,.&-.‘. . ¥
v I F L] e :?./ .. & ‘.. [ | S TSI A
. L ** .
e A T g e 5
. 7hs :{‘ ' “0 O o 7 : : F 19.0e+01
A L . / 3 - :
z 5 e ,v T3 @ ABL
N e L {-
J ) : :
/ / / / 2 ‘ :
/ o 3.06+01
s e/ 4 1 : .
g -
e f - a7
= ol N
o { 44 I 1 | 1 | 1 1 i | 0.0e+00
4 | 30 29 128 A7 126 125 124 423 22 121 ¢
/.J‘}‘ Portland
ﬁ,f
é- . 4 | ‘ } N
: y . A A
’«? 45} % km ‘.\]' ) January 10, 2017 1"

128° W 126°W 124°W 122° W





Simulated Surface Constituents

Alg C (mg/L)

Alg C (mg/L)

Alg C (mg/L)

Alg C (mg/L)

Algae

Puget Sound Basin (PSB003)

1.0
0.5 4
(o]
o] ° o
0.0 e R e T
1 31 62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006
Commencement Bay (CMB003)
1.0

1 31 62 92 123 153 183 214 244 275 305 335 366

Day of Year 2006

Hood Canal Basin (HCB010)

1.0
0.5 4
0.0 A e e e
1 31 62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006
Saratoga Passage (SAR003)
1.0
o
0.5 -
[e]
0.0 e e T
1 31 62 92 123 153 183 214 244 275 305 335 366

Day of Year 2006

NO3+NO2 (umol/L
NO3+NO2 (umoliL) NO3+NO2 (umol/L) ( )

NO3+NO2 (umoliL)

40

NO3+NO2

Puget Sound Basin (PSB003)

30 -

20 -

40

40

40

30

20

A B A B e R B s B RS AR
31 62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006

Commencement Bay (CMB003)

1 31

RS BRRRE EEEEE B B R ARRS RERas a R
62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006

Hood Canal Basin (HCB010)

1 31 62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006
Saratoga Passage (SAR003)
o )
1 o
R Ba e R Ra s e B e A B
1 31 62 92 123 153 183 214 244 275 305 335 366

Day of Year 2006

(2006)

DO (mg/L)

DO (mg/L)

DO (mg/L)

DO (mglL)

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

DO

Puget Sound Basin (PSB003)

14
124
10
8 1 °
6.
4.
2.
0
1 31 62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006
" Commencement Bay (CMB003)
12
10
8
6
4
2
0
1 31 62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006
“ Hood Canal Basin (HCB010)
12 4 O
10
8.
6.
4.
2.
0
1 31 62 92 123 153 183 214 244 275 305 335 366
Day of Year 2006
" Saratoga Passage (SAR003)
124
10 4 o
89 °
6.
4.
21
0 T T T T T 12
1 31 62 92 123 153 183 214 244 275 305 335 366

Day of Year 2006





o

Pacific Northwest
NATIONAL LABORATORY

SSM carbonate system setup

» TA and DIC conditions:

B Initial conditions: mean DIC from NOAA dataset 2008-2014
(Alin et al., in prep)

TA = TA(S) (Fassbender et al., in prep)

B Open boundary: TA =TA(S) and DIC = DIC(T, O,)
(lanson et al., in prep)

B Rivers: TA, DIC as function of flow (regression based on observations in
gauged US and Canadian rivers)

B Atmospheric pCO,: 400 patm





SSM vs. Observations: Time series
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Salish Sea Model summary

> Hydrodynamic Model of Salish Sea [Khangaonkar et al. (2011) — Estuary Coast and Shelf

. Science]
B http://salish-sea.pnnl.gov/ [Khangaonkar et al. (2012) — Ocean Dynamics]

» Salish Sea Model (Expanded Domain)

m Validation of the Circulation in Embracing Sills concepts proposed by
Ebbesmeyer and Barnes (1980)

e Nearly 2/3™ of surface outflow is refluxed back to Puget Sound near the

Admiralty Inlet sill
[Khangaonkar et al. (2016) — Ocean Modelling]

» Biogeochemical Model of Salish Sea
m Nutrients, phytoplankton (two algae groups) and carbon

m Sediment diagenesis

m Carbonate chemistry — alkalinity and pH
[Bianucci et al. (2017 submitted)






